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SIPS (Semi -Intelligent Process Selector) originally developed to use A I tcchniqurs for generative
process select.ion. SIPS cousiclers a metal part to be a collection of machinable features-and for carh
f m t r r r r , i t generates a sequence of machining process to use in creating that feature. I t does this by
reaso~~iugabout the intrinsic capaldities of each manufacturing operation.

SIPS is being extended to do llandle ohher process planning taqks. This paper gives nn overvietv of
SIPS, ant i tlescriiws recent rxt.rnsions (rtlich ennlde SIPS not only t.o do process selrction. Imt also to
sc1rc.t rnt,tirlg tools ancl calcrtlnte process parameters srlch as feed rates and cutting speetls.

1 Introduction
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TIIP c o s t slot. is intrll(lrc1 to lw ;I lower ho11nt1
011 the cost of performing a procpss. In the
rasp of ho le - process . ti l is lower imluld is com-
prttt -vl'by a n at.tacllet1 proreclllre which takes t,he
tninilnllm of the c o s t slots of the cllild frames.
h o l e - impr ove-pr o c c ss inlleri ts this procpdure
front h o l e - p r o c e s s . so i ts cost will also he com-
putrtl as t.lle minitrlrrru of the costs of i t s chil-
d ren . Sincr the tw i s t - d r i l l i ng , rough -boring,
aut1 f in i sh - bor ing f imnes represent, single kinds
of nm-hining processes rat.llcr than classes of ma-
chining proccssrs, t h e rdnt.ivc costs of t.hese pro-
r w s r s arc pnt, int,o t.lwir c o s t s1ot.s.

Sinlilnrly, p recos t is intcnrlt -d t,o he a lower
I>olulcl on the cost of any obhcr processes which
might. Iw rtcpired hcfore doing t.lle hole process.
For hole - process, this bortnd is c o n l p t c d by
an attnrlwtl procedure which cornput.es t h e mini-
11111111 o f t,lw p r e c o s t slots nf t h r rllilclrrn. Since
t v i s t - d r i l l i n g docs not. ncccl to \lave any other
I>rocrsscs ocr1Ir Iwfo1 -P it,, i t s p r e c o s t slot conhins
tllr vahw 0. But. n holr in1provrlnrnt, prorcss t,akes
an r s i s t i q llolr g a w l t,rntlslornls it i!ltn the tle-
s i rw l holc -- - ad sincc 9 IIIIIS~he crrn te t l by sonle
IiintI of IloIe proccss. tIl'e cost of creating g will
I)r at least t.he mininlrm1 cost for R hole process.
Thus, bllc precos t slot for hole - improve - process
is the value of hole - process's , c o s t slot. Both

rough -boring and f in ish - bor ing i r l h i l t l l i s

value from h o l e -impr ove-pto c e s s.
A proccss's r e s t r i c t i o n s slot t.rlls what rrstr ic -

tions must be satisfied in order for that, process to

be a feasible was; t.o achieve t h e desirrci goal. For
hole - process, t i le rest.rictions are mainly gronlct -

r ic ones-for example, rest,rictions on the nnglr lw-
tween the hole and t,he surface in which i t is to
be created. For the other processes in Figurr 1.
the restrictions are mai111y restrictions 011 t.hr ltnlr

dinlensions ant1 on the Iwst machining tolerarlrrs
achievable by the process (parallclisrn. ro lmlnrss,
true position, etc.).

The cannot -precede s1ot.s for
hole - improve - process and f inish -boring stn.tc
that in no sensible process plan will these procpsscs
be followed hy certain other machining pror rssrs .
Th is slot is not really nccessary for corrrct olwrn-
tion of SIPS, lmt. it n ~ a k r sSIPS morr rnirivnt I)!
decreasing t lw size of the scarcll space.

SlPS does prohlcnl solving Ijv srnrrll ir lg 1)nf.k -

wards from the ulbirnnte p a l to lw ndlicvrrl.

Tllerefore. the ac t i ons s l o t for R nmclIitlillg

process rnrlst, specify wllat SIPS n w r l s to clo

before i t can prrform the rnachini1~g procrss.

For t v i s t - d r i l l i ng . notJ1ing Imxl IW tlonr

beforelland-so tw is t - dr i l l i ng 's ac t i ons slot

states that tw is t drilIing succeeds immediately.

t w i s t -
drilling(h1) +SUCCESS
L B . 0 4 1

t r r isc -dr i l l ing(h2)
rough-bor ing(h1)-SUCCESSn

holm-procors(h2) LB = 0 * 1 + 3

hole - inprovo -process(h2)
rough -boring(h1)
LB = 0 l 1 l 3
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reuTh- create(h2)
boringihl) raugh -boring(h1) rough -borin~(h1)
L B = I + 3 L B - 1 * 3 LB = 0 l 1 l 3

c r o a c e ( h l ) j p r o c e s a ( h I )
LB = 0 + 1

n

.i:
twist -dri l l ing(h3)
f i n i s h - b o r i n g ( h l ) j S U C C E S S
LB = 0 + 1 + 4

rough-bor ing(h3)
iinish -boring(h1) G7

La = 1 l 3 l 4 --+

finish -boring(h3)ccPLAN P:
finish - crsate(h3) hol.-process(hl)
boring(h1) iinish -boring(h1) iinish -boring(h1)
L B - l + 4 L B = 1 + 4 LB = 0 4 1 * 4

hole - iaprore -
process(h3)
f inish -boring(h1)
LB = 0 l 1 + 4

ii
holo -

hole - improve
process (hl)
L B = l * 3

f inish -boring(h1)
L B = 1 + 3 + 4
INFEASIBLE

Figtlrr 2: Part nf a warrh space for crrating a hole hl. Plan P i s lahrlrd for rrfcrenrr in the trnt.



- _
However. rough boring and finish boring prorlnce a st.rategy is bcst -first.. Thus, SIPS'S w a r d 1 p r w p -

h t t c r hole from a hole whirl1 m u s t already exist- clure may also he tllougllt of as 211 adaptation uf

anrl SIPS l l r r t l s to iiglrrr out. how to make the hole A* [SI, with LB as the Ilellrist,ic furlctinrl. T l ~ cfirst,

that m u s t already esist. Tllr act ions statements solution found by SIPS is gunrnrltrrrl to I)c t h e Ivmt

for rough -boring ant1 f inish - boring set up the costly one.
crrntinn of th i s holc as a subgonl for SIPS.

Figure 2 s l ~ o w spart of the state space which can
lw gencratetl from the sct of frames shown in Figure

1. Ear11 st.ate in tlw s h t c spncc is a (partial) plan The selection of cutting tools is part nf the drtnil
for crcnting a hole 111. Whether or not this pian planning of R part, and is performed rrftrr p roc~ss

is frasible mill t i e y e d 011 the nature of 111-except selection h u been done. Selecting a tool involvps
that. bllc plans nlarkctl " infensil)lc " in Figure 2 can determilling the correct, rnat,erinI, size, R ~ CIsl~nprof
never b e fcasiMe. hccnusc: of t.he cannot - precede the tool. Th is requires a great deal of infnrnlitim
slots ill the knowledge h e . When a plan is infex- abont both the macllinahlr frature to he creatrcl.
s i idr. its clliltlrcn will never he gelleratecl. and bhe macllining process to be used to c r e a k bllxt.

tion of Brnm-11 and Bound. The lower hound func- Selecting the proper cutt,ing tool material for x

tion LD wllich guides this searcll i s colnputcd from give11 machining operat.ion is one of t . lw morr i r l t -

tllc c o s t nlul p r e c a s t slots of the nlachinirlg pro- portant factors involved in ol>tnirliuq hiRh prntlllc -

rt'ssrs. For ~ s n n q ) l ~ .for t.lw plan labcletl P in Fig- tion at lorn cost.. The IIPP.~~for sr lc r t . ing tllP prnlwr
llrr 2. tool mntrrial is apparent ml lcn o w rrroanizrs flint

performance of an expensive n/r mach ine ton1 dr- 8LD(P) = p r e c a s t ( h o l * - p r o c e s s ) + cos t (ho1e - process )
pentls to a lnrge measllre on the capnhility of rl vpry

inexpensive cutting tool.
T h e industry providrs a wide range of tool e izw

and materials, for use by n/c programmers innml-

SO tltat. SIPS n-ill avoit1 generaring expensive rtfacturjng facilities. The?prorws engineer 1r11rst dr-

3 Tool Selection

SIPS searrllrs the st,nte space using an adapta - feature.

+ cost(:inish -boring)

= 0 + 1 + 4
= 5).

plans d1cu cheaper ones can be wed, SIPS'S search

cost:

1 r e l e v a n t : t w i s t - d r i l l I

_-___ -s p a d e - d r i l l
cos t : 2
r e l e v a n t : spade - dr i l l ing
r e s t r i c t i o n s : restrictions on the hnle
actions: insert informntion into

/

carbide - td
cost: 4

res t r i c t i ons : rmtrictions on the hole res t r i c t i ons : rntr ict ions on the hole

ac t ions : insert information into act ions : insert informntion into

the process description the process description-__ _.-.__



twist -drilling -32



1. l t s r t w i s t - d r i l l i n g - 3 2 t,n crrat? a. lwk
called, say. ho le - 10.

2. 1l.w rough -boring -30 to trnllsforrn hole - 10
iubo hl.

S I I ~ ~ S Pn v now t,c-IlSIPS t,n rlrt,rrrniuc what
rrlt,ting tool to use for twis t - dr i l l ing - 32. The
data rrcptirctl t.o prrform cnthug tool selection
for th i s process are t lw clialnct.er. drpth, and tol-
t ~ ~ n c crrcplirr1nc1tt~s for hole - 10, an t i the fact
that. tw is t - dr i l l i ng - 32 is nn instmtce of the

tw is t - d r i l l i ng frame. The relevant data abollt
ho le - 10 were det.erminctl thlring process selection
(for esamplr, the clinmetcr of hole - 10 is slighhly
smaller t.llnu tlw tliamcter of hl, since rough bor-
ing enlarges a holc?).
IuFigure 3, s i n w d r i l l s is the only frame Illat.

is rclcvnnt. for tw is t - dr i l l ing , it. is wherc SIPS
starts i t s sPnrr.11. Sincr the tooling knowledge hase
t lo rs not set, 111' anv srrilgoals. the search space SIPS
IISPS to srlcct a tool for tw i s t - d r i l l - 32 is q u i t e
simple. This srarch s p c e is s l ~ o w nin Figrtre 4.
.Inst as SIPS (lid for procrss selection, i t performs a

,lmst -first srarr l l of t he state space shown in Figure
4. Tl~ l rs .t , lw first tool SIPS finds that, is capable of
11~ingusrcl for tw is t - dr i l l - 32 is the lenst costly
ton1 frnsildc for twist - dr i l l - 32.

4 Discuss ion and Conclusions

4.1 Current State

non-throadad -surfac threaded -hole

threaded -surface

contained -surface

/
feature \

surface

non - cyl indr ical - surface ockat-square-hole

f l a t - s u r f a c e
-=7step - surface

po lyhedra l - snr fac

' Figure 5: The name3 of t h e frames in SIPS'q feature hirrarrhy.



1.

2.

3.

4.

For any frame in SIPS'S knowledge base, the
1scr mu priut, out. informat.ion atmut that
frame in wllnt.ever anlorrnt of detail is desired.

At, the Natinnal l3urralr of Standards, a tool
has l w e n irr lplen~entet l which can print out
@npllical rrpresctat 4inns of the lliernrchicnl
strnc.t,lrre of SIFS's knowletlgr bnse, and r a n
priut. ollt. t h r search brce I,ring gcnerntecl hy
SIPS as it. is generat,ctl.

I f SIPS prn r lwes a plan for producing some
feature. the user can Inter t d l SIPS t,o go hack
anti find other a I t .mmt , iw plans for prodwing
this feathre.

At General hlobors Research Laboratories,
SIPS has I>ecrl interfaced to ATBF, an exper -
Incntnl system w h i c h does solid modeling and
Illunan -sltpervised feature extraction. Thus,

thc I Is r r ran c o n s t r w t , n rr lor lc l of nu 01)-

j r c t and itlentify it,s nlarllinal>lc featnr rs 11s-

iug hlBF. a d hI5F will autoulntically s e ~ ~ t l

descriptions of these feat.urcs to SIPS so that

SIPS can decide what mncltinirlg prnccssts to

lrse for t h e m .

5. SIPS has bcen integrntetl wit,h t,lle intrrnc.t.ivr
process planning system in the AAIRF project
at the National Bureau of Stardnrtls. Using
this system, a user can look at a rnoclel of
a part, retrieve Inachinnhlc frnt,lrrc?sfrom t.llr

part model, and cl~oosrn precrtlcnce nrtlcrirlg
on them (Le.. mllic:l1feat.ures s l ~ o ~ ~ l c lIw IIM-

. chined before which oblms). At. t.llis point..
SIPS will choose processes t n usc for earl1 frn-
tare, transforming t.lw preccclmce graph of
features into a prcceclrnrr graph of prnrrssrs.
The process information is t.llen pnssrtl 1)ac.k
to an n/c code generat,or. which prodrwrs tllr
n/c code for creating t.lw part,.

4.2 Future Plans
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finish -end -milling -holm
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FiRwr 5: Tlw narnm of the framm in SIPS’S tool hicrwchy. The nnmn listed in pnrrnthem l~wrnot k n put into thr
Itirrarrhy yrt, hut will be added soon.


